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(54) HIGH-FREQUENCY SOFT MAGNETIC MATERIAL 
(57)Abstract: 

PURPOSE: To provide a soft magnetic material, which 
does not require to perform a sintering and moreover, is 
superior in high-frequency characteristics. 
CONSTITUTION: A mixed powder of a chemical 
compositional ratio of NiO:CuO: ZnO:Fe203=1 5:6:31:48 
is fired to obtain spinel type ferrite powder of a particle 
diameter of longer than lOnm and shorter than 7 urn. For 
example, a resin is mixed in this spinel type ferrite 
powder to mold the mixture into a prescribed molded 
material and the molded material is formed into a molded 
article. This molded article is superior in high-frequency 
characteristics and if the particle diameter of the spinel 
type ferrite powder is longer than lOnm and shorter than 
7/im, the molded article, which is superior in high- 
frequency characteristics, can be obtained by merely molding, in short, without going 
a sintering process. 
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Epitome 

(57) [Abstract] 

[Objects of the Invention] The soft magnetic materials which did not 
need to sinter and were moreover excellent in the RF property are 
offered. 

[Elements of the Invention] A chemical composition ratio is 15NiO, 6 CuO, 
31ZnO, and 48Fe 203. The becoming mixed powder is calcinated and 
particle diameter is 7 lOnm or more. The spinel ferrite powder below mum 
is obtained. For example, resin is mixed to this spinel ferrite powder, 
and it fabricates to a predetermined Plastic solid, and considers as 
mold goods. For these mold goods, it excels in the RF property and the 
particle diameter of spinel ferrite powder is 7 lOnm or more. If it is 
below mum, the mold goods which were excellent in the RF property can be 
obtained without only fabricating, that is, passing through a sintering 
process. 
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CLAIMS 



[Claim(s)] 

[Claim 1] RF soft magnetic materials characterized by particle diameter 
being soft magnetism spinel ferrite powder 7 micrometers or less in lOnm 
or more. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the soft magnetic 

materials used in a high frequency band. 

[0002] 

[Description of the Prior Art] Generally, in this kind of soft magnetic 
materials, permeability (mu) needs to show a high value also in a high 
frequency band, and, for this reason, the spinel ferrite ingredient in 
which a value with a comparatively high electric resistance value is 
shown is used. Since that property of this spinel ferrite ingredient is 
weak hard moreover, it is difficult to process it. For this reason, 
after fabricating ferrite powder or raw material powder in a desired 
configuration, powder-metallurgy processing which sinters this Plastic 
solid and is used as a sintered compact is used. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in case the above- 
mentioned sintered compact is obtained, in order to sinter a Plastic 
solid at an elevated temperature (1000 degrees C thru/or 1400 degrees C), 
and for deformation to arise in a sintered compact by the so-called 
sintering contraction in sintering in such an elevated temperature, 
consequently to consider as a desired configuration, it is necessary to 
process it into a sintered compact. 

[0004] There is a trouble it is not only accompanied by consumption of 
great energy, but that a sintering facility will be expensive in 
sintering in the above elevated temperatures. Furthermore, generally it 
is difficult to process it into a sintered compact, and for this reason, 
there is only that no processing costs increase and it will only lead to 
loss of an ingredient. 

[0005] Furthermore, although it is desirable to carry out sintering 



processing of the spinel ferrite ingredient at a small configuration 
when the field of effectiveness is taken into consideration in case it 
is used in a high frequency band, processing to a small configuration 
has the trouble that it is very difficult in respect of process 
tolerance. Although such a ferrite ingredient (inductor component) and a 
dielectric material (capacitative element) may really be sintered on the 
other hand and a L-C component may be constituted, with such a L-C 
component, it will set to the plane of composition of ingredients, and 
the field where a property deteriorates by diffusion of the atom at the 
time of sintering will be generated. 

[0006] Anyway, the above various troubles will occur by including a 
sintering process. 

[0007] The purpose of this invention is to offer the soft magnetic 
materials which did not need to sinter and were moreover excellent in 
the RF property. 
[0008] 

[Means for Solving the Problem] According to this invention, the RF soft 
magnetic materials to which particle diameter comes out of soft 
magnetism spinel ferrite powder 7 micrometers or less by lOnm or more, 
and is characterized by a certain thing are obtained. 
[0009] 

[Function] At this invention, particle diameter is 7 lOnm or more as RF 
soft magnetic materials. The soft magnetism spinel ferrite powder below 
mum is used. Such soft magnetism spinel ferrite powder is only 
fabricated in a desired configuration, it only considers as a Plastic 
solid, and outstanding magnetic properties can be acquired. And the 
particle diameter of a soft magnetism spinel ferrite is 7. If mum is 
exceeded, loss (for example, loss factor deltalOMHz in lOMHz) will 
increase as a magnetic material. On the other hand, a ferrite powder 
particle presents paramagnet ism-behavior as the particle diameter of a 
soft magnetism spinel ferrite is less than lOnm, and soft magnetism 
falls. 
[0010] 

[Example] An example explains this invention below. 
[0011] For example 1 grain size, grain size is 0. 5. The nickel oxide 
(NiO) which is below mum, the 2nd copper (CuO) of oxidation, a zinc 
oxide (ZnO), and ferrous oxide (alpha-Fe 203) are prepared, wet blending 
of these powder is carried out using a ball mill, and a chemical 
composition ratio is 15NiO, 6 CuO, 31ZnO, and 48Fe 203. The becoming raw 
material mixing powder was obtained. 

[0012] Next, this raw material mixing powder was calcinated in 



temperature 750 ** thru/or 1200 degrees C in rapid heating and quenching 
in atmospheric air, and baking powder was obtained. And this baking 
powder is cracked using a ball mill, and it is particle diameter 0.5, 
respectively, mum and 1. 0 mum and 3. 0 mum and 5. 0 mum and 7. 0 A total of 
nine kinds of spinel f errite powder (mum, 10. 0 micrometers, 15. 0 
micrometers, 20. 0 micrometers, and 25. 0 micrometers or less) was 
obtained. 

[0013] And after mixing the epoxy resin of 30 percents by volume (vol.%) 
to each spinel ferrite powder and considering as a mixture, this mixture 
was fabricated to the outer diameter of 10mm, bore 2 mm, and a Plastic 
solid with a height of about 10mm so that the space factor of spinel 
ferrite powder might become about 62 vol(s).%. And after holding each 
Plastic solid acquired by doing in this way by temperature 140 for 2 
hours, it considered as the test sample. 

[0014] Next, mu frequency characteristics and the loss factor in these 
test samples were measured using the impedance analyzer made from YHP, 
and the coaxial-type fixture. The measurement result is shown in drawing 
1 . 

[0015] As shown in drawing 1 , in these test samples, it turns out that 
frequency characteristics fall by the sample by which the maximum 
particle diameter exceeds 15 micrometers. That is, it turns out that 
reduction in mu starts [ the maximum particle diameter ] in about 500 
MHz in a test sample 15 micrometers or less. For a loss factor [ in / on 
the other hand / the frequency of lOMHz ] (tandeltalOMHz) , the maximum 
particle diameter is 7. A remarkable low value is shown in the sample 
below mum, and it turns out that it is about 0. In addition, mu in lOMHz 
of these samples was about 10. 

[0016] It is the maximum particle diameter in nickel-Zn system spinel 
ferrite powder so that clearly from the above explanation 7 A RF 
property can be made good below mum, then only by fabricating. 
[0017] Example diacid-ized manganese (MnO), a zinc oxide (ZnO), and an 
iron oxide (alpha-Fe 203) are prepared, a coprecipitation method is used, 
and a chemical composition ratio is 28MnO, 18ZnO, and 54Fe 203. Raw 
material powder was created. When the particle diameter of this raw 
material powder was observed, it was about 30nm particle. 
[0018] Next, this raw material powder is calcinated in temperature 700 
** thru/or 1250 degrees C, it considers as baking powder, this baking 
powder is cracked using a ball mill, and particle diameter is 0,5, 
respectively, mum and 1.0 mum and 3.0 mum and 5.0 mum and 7. 0 A total of 
nine sorts of spinel ferrite powder which is mum, 10.0 micrometers, 15.0 
micrometers, 20. 0 micrometers, and 25. 0 micrometers was obtained. 



[0019] And after mixing the polyamide resin of 20vol(s).% to these nine 
sorts of spinel ferrite powder, respectively and considering as a 
mixture, hot forming of this mixture was carried out, and it considered 
as the outer diameter of 10mm, bore 2 mm, and a Plastic solid (test 
sample) with a height of about 10mm so that the space factor of spinel 
ferrite powder might become about 60 vol(s).%. 

[0020] rau frequency characteristics and a loss factor were measured for 
these test samples using the same equipment as an example 1. The result 
is shown in drawing 2 . 

[0021] As shown in drawing 2 . in these test samples, it turns out that 
frequency characteristics fall by the sample by which the maximum 
particle diameter exceeds 15 micrometers. That is, it turns out that 
reduction in mu starts [ the maximum particle diameter ] in about 500 
MHz in a test sample 15 micrometers or less. For a loss factor [ m / on 
the other hand / the frequency of lOMHz ] (tandeltalOMHz) , the maximum 
particle diameter is 7. A remarkable low value is shown in the sample 
below mum, and it turns out that it is about 0. In addition, mu m lOMHz 
of these samples was about 10. 

[0022] It is the maximum particle diameter in Mn-Zn system spinel 
ferrite powder so that clearly from the above explanation 7 Below mum, 
then a RF property can be made good. 

[0023] Example 3 magnesium carbonate (MgC03), trimanganese tetroxide (Mn 
304), A lithium carbonate (Li2 C03), nickel oxide (NiO). a zinc oxide 
(ZnO), The 2nd copper (CuO) of oxidation and an iron oxide (alpha Fe 
203) are prepared, a chemical composition ratio — respectively - 15Mg0, 
20MnO, 15ZnO and 50Fe 203, 7 Li2 0, 33ZnO and 60Fe 203, 20NiO. 33ZnO and 
47Fe 203, and 25CuO, 25ZnO and BOFe 203 The raw material was created. 
And these raw material powder is calcinated like an example 1, and 
particle diameter is about 7, respectively. The spinel ferrite powder 
which becomes below mum was generated. Then, these mixtures were pressed 
and the test sample was obtained, after doing about 30 vol(s).% mixing 
of polyimide resin to these spinel ferrite powder, respectively and 
considering as a mixture. The measurement result is shown in drawing 3 . 
[0024] In each test sample, it turns out that mu frequency 
characteristics and a loss factor are good so that clearly from drawing 
3 . That is, it is the maximum particle diameter in various spinel 
ferrite powder 7 Below mum, then a RF property can be made good. 
[0025] It is the particle diameter (the maximum particle diameter) of 
soft magnetism spinel ferrite powder so that clearly from an above- 
mentioned example 7 A RF property can be made good only by not sintering 
at below mum, then an elevated temperature, that is, considering as a 



Plastic solid. 

[0026] By the way, a ferrite powder particle will show paramagnet ism- 
behavior that the particle diameter of soft magnetism spinel ferrite 
powder is less than lOnm, and soft magnetism falls. For this reason, it 
is necessary to set the particle diameter of soft magnetism spinel 
ferrite powder to lOnm or more, 

[0027] A chemical composition ratio in the above-mentioned example In 
addition, 15NiO, 6 CuO, 31ZnO, and 48Fe 203, 28MnO, 18ZnO and 54Fe 203, 
and 15MgO, 20MnO, 15ZnO and 50Fe 203, 7 Li2 0, 33ZnO and 60Fe 203, 20NiO, 
33ZnO and 47Fe 203, and 25CuO, 25ZnO and 50Fe 203 Although spinel 
ferrite powder was explained This invention is not limited to the spinel 
ferrite of these presentation system and a presentation value, and if it 
is spinel ferrite powder in which soft magnetism is shown, it can apply 
this invention similarly. That is, it is the maximum particle diameter 7 
Also in lOnm or more, then other soft magnetism spinel ferrite powder, 
the same RF property can be acquired below by mum. 
[0028] Furthermore, what is necessary is to use a hydrothermal 
crystallization method, spray roasting, etc. and just to raise atomic 
diffusion and dispersibility anyway, although raw material powder or 
coprecipitation ferrite powder was calcinated in air or nitrogen-gas- 
atmosphere mind in the above-mentioned example when manufacturing powder. 
Moreover, a firing environments may be an oxidizing quality, or may be 
reducibility, and a product should just be a soft magnetism spinel 
ferrite. 

[0029] In addition, although an epoxy resin, polyamide resin, and 
polyimide resin were raised with the above-mentioned example as resin 
mixed to ferrite powder, these resin is used for configuration 
maintenance of a powder-molding object, powdered distribution, and the 
insulation between powder, therefore ~ as the resin mixed to ferrite 
powder — thermosetting resin and thermoplastics — you may be any and 
it is suitably chosen according to the property demanded. For example, a 
phenol system, a silicon system, a HORIESUTERU system, a fluorine system, 
the Horipro pyrene system, a vinyl chloride system, a phthalate system, 
a polyurethane system, a HORIECHIREN system, natural rubber, and 
synthetic rubber can be used as resin mixed to ferrite powder. 
[0030] Moreover, when mixing and fabricating resin to baking powder in 
the above-mentioned example, compression molding by the press was used 
in it, but since the aggregate of sintering powder should just act as a 
core, in the case of shaping, injection molding, extrusion molding, roll 
rolling shaping, etc. can be used, and as long as it is the approach by 
which a powder-molding object is acquired, what kind of approach may be 



used anyway. 
[0031] 

[Effect of the Invention] As explained above, in this invention, it sets 
to soft magnetism spinel ferrite powder, and it is the particle diameter 
lOnm or more 7 Since it is referred to as mum, good magnetic properties 
can be acquired only by fabricating soft magnetism spinel ferrite powder. 
Therefore, a sintering process is not needed like before, consequently 
there is no contraction deformation by sintering, and processing after 
sintering becomes unnecessary. Furthermore, since it is not sintering in 
the case of compound with a dissimilar material, there is no diffusion 
in an interface and a property does not deteriorate. In addition, since 
sintering is unnecessary, it not only can attain energy saving, but it 
can make an installation cost cheap. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] a chemical composition ratio — 15NiO, 6 CuO, 31ZnO, and 
48Fe 203 it is — it is drawing showing the relation of the core 
property and the powdered maximum particle diameter in the magnetic 
material using spinel ferrite powder. 

[Drawing 2] a chemical composition ratio — 28MnO, ISZnO, and 54Fe 203 
it is -- it is drawing showing the relation of the core property and the 
powdered maximum particle diameter in the magnetic material using spinel 
ferrite powder. 

[Drawing 3] It is drawing showing the core property of the magnetic 
material using the spinel ferrite powder of various chemical composition 
ratios. 
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fc 
(MHz) 




WM^O- 20MnO' 15l7iO'50Fez03 


$5500 


5 


7U20'33Zn0'G0Fe2 03 




4 


Z0Nl0'33Zn0-47Fe203 


moo 


4 


Z5CiiO-25ZnO-50Fe203 


moo 


6 



[Translation done. ] 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
y^FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS . 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



